INTRODUCTION
Since the 15 th century, linseed oil has been used to make varnishes and oil-based house paints for treating wooden surfaces, and in manufacture of linoleum etc. (Juita et al., 2012) . In the past decades linseed oil is increasingly being used as a source of polyunsaturated fatty acids in food (Sharav et al., 2014) . Linseed oil contains high amounts of unsaturated fatty acids, mostly a-linolenic acid (ALA C18:3n-3), which forms 52-60% (Angers et al., 1996; Nykter et al., 2006; Juita et al, 2012; Rubilar et al., 2012) of the total fatty acid content. In most other oil types a-linolenic acid is present in small amounts -below 1% (Juita et al., 2012) . a-linolenic acid is an essential component of healthy food and polyunsaturated acids are known to prevent the development of cardiovascular and inflammatory diseases, depression and possess cardioprotective effect (Garg et al., 2006; Rubilar et al., 2012) .
The chemical structure and properties of unsaturated fatty acids and high content of these acids in linseed oil (around 90%) are the main factors why linseed oil can be readily oxidised (Hamed and Abo-Elwafa, 2012; Sharav et al., 2014) . Lipid oxidation is one of the primary mechanisms of deterioration of quality in flavour, colour, texture, nutritive value and may produce toxic compounds in foods. The main problem in the quality of oils, particularly for those that are highly unsaturated, is lipid oxidation during storage and food processing.
One of the first steps in the oxidation of polyunsaturated fatty acid is hydrogen abstraction from the active methylene group and the product is usually stabilised by a molecular rearrangement to form a conjugated diene (Antolovich et al., 2002) . Conjugated dienes exhibit an absorption maximum at 234 nm and absorption values are further used to characterise concentration of dienes in oils (White, 1995; Frankel, 2005) . The conjugated dienes and also peroxide value are often used to measure primary oxidation products and characterise quality of oils used in the food industry (Abuzaytoun and Shahidi, 2006) .
The addition of natural and synthetic antioxidants prevents the oxidation of fats in food; thus, antioxidant activity represents the ability to inhibit the process of oxidation (Tirzitis and Bartosz, 2010) . Some components in natural products such as flavonoids, anthocyanins and phenolic compounds are known to function as radical scavengers (Duh and Yen, 1997; Rudnik et al., 2001; Mau et al., 2004; Stoilova et al., 2007; Gutierrez et al., 2013; Shalaby and Shanab, 2013; Tan and Lim, 2015) . Antioxidant activity of herbal extracts is usually characterised by their ability to decrease the formation of conjugated dienes using linoleic acid or methyl linoleate as substrates. 
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ent study was to evaluate inhibition of conjugated diene formation in Latvian linseed oil.
MATERIALS AND METHODS
Cold pressed unrefined linseed oil from seeds manufactured by "Iecavnieks" Ltd, was used for studies. As antioxidants were used vanillin, 2,6-di-tert-butyl-4-methylphenol (DTBMP), a-tocopherol and ethanol extract of calyxes of Hibiscus sabdariffa L. (Eymard and Genot, 2003) . Iodine value (IV) was determined by the Kaufmann method. In brief, a sample of oil was mixed with an excess of bromine. The unused bromine was reduced to bromide with iodide and the amount of iodine formed in this reaction was determined by titration with sodium thiosulfate solution. IV was expressed as grams of iodine per 100 g of oil (Matiseks et al., 1998) . Saponification value (SV) was determined as follows: the sample of oil was saponified with KOH ethanol solution.
Analyses
The unused KOH was determined by titration with hydrochloric acid (indicator phenolphthalein). SV was expressed as mg of KOH per gram of oil (Matiseks et al., 1998) .
Hydroperoxides from polyunsaturated acids form conjugated dienes (CD) that were measured quantitatively by UV spectrophotometric measurement. 0.100-0.120 g oil samples were dissolved in 2,2,4-trimethylpentane in 50 ml volumetric flasks. The absorbance was read at 234 nm in a 1 cm quartz cell using UV/VIS spectrophotometer Jenway UV 6405. 1% methylstearate solution in 2,2,4-trimethylpentane was used as a blank (White, 1995; Matiseks et al., 1998; Frankel, 2005 4 -factor that encompasses the volume of 2,2,4-trimethylpentane (50 ml) used to dissolve the oil sample for determination of CD concentration in µmol, m -sample weight, g (Peg, 2001 ).
Vanillin, 2,6-di-tert-butyl-4-methylphenol (DTBMP) and a-tocopherol were added to linseed oil to reach an end concentration of 0.01% and dry extract of Hibiscus sabdariffa L. -end concentration of 1%. The mixture was homogenised and incubated at 60 o C for 24 h. The antioxidative effect (A.E.) of extract of Hibiscus sabdariffa L, 2,6-di-tertbutyl-4-methylphenol (DTBMP), vanillin and a-tocopherol was calculated according to the following equation:
, where DA -increase of absorption at 234 nm during the incubation time,
DA(C) -the corresponding increase in the control (Lingnert et al., 1979) .
The percentage inhibition (I%) of conjugated dienes (CD) formation in linseed oil was calculated by the following equation (Stoilova et al., 2007) : 
RESULTS

Chemical parameters of linseed oil.
Chemical parameters of cold pressed unrefined linseed oil from Latvia are summarised in Table 1 . Acid value of linseed oil was within the limit of up to 4 mg KOH per g of oil, according to the Codex Alimentarius Commission standard for cold pressed oils (Anonymous, 1999; Prescha et al., 2014) . The peroxide value (PV) of linseed oil did not exceed the recommended upper limit for cold pressed oils of 15 milliequivalents of oxygen per kilogram of oil (Anonymous, 1999; Prescha et al., 2014) . Iodine value (IV) indicated that studied linseed oil was highly polyunsaturated oil. Saponification value (SV) of oil is shown in Table 1 and indicates that triacylglycerols in the linseed oil contain long chain fatty acid moieties.
Conjugated dienes assay.
The absorbance at l = 234 nm was measured for both the linseed oil samples before and after incubation at 60°C for 24 h (control) and the oil samples with additives: vanillin, DTBMP, a-tocopherol and dried ethanol extract of Hibiscus sabdariffa L. (Fig. 1) . Antioxidative effects of the additives used were calculated from the data obtained with UV-Visible spectrophotometry. The antioxidative effect of additives decreased as follows: vanillin, 2,6-di-tert-butyl-4-methylphenol and a-tocopherol (Fig. 2) . The sample of linseed oil that was emulsified with extract of Hibiscus sabdariffa L. had antioxidative effect value 0.93.
The absorbance measured at l = 234 nm was used to evaluate the formation of conjugated dienes. The concentration of conjugated dienes [CD] and value of conjugated dienes (CD value ) are shown in Table 2 . Vanillin, 2,6-di-tert-butyl-4-methylphenol and a-tocopherol improved the stability of linseed as indicated by lower formation of conjugated dienes (CD) compared with the control -oil without additives ( The ability of extract of Hibiscus sabdariffa L. to inhibit the process of oxidation in linseed oil was 91.8%.
DISCUSSION
Linseed oil with its high levels of polyunsaturated fatty acids, especially a-linolenic acid, is very prone to oxidation. Therefore, it is important to continue studies on antioxidants and ways to enhance stability against oxidation (Rudnik et al., 2001; Abuzaytoun and Shahidi, 2006; Hamed and Abo-Elwafa, 2012; Juita et al., 2012; Rubilar et al., 2012; Oladimeji et al., 2013; Prescha et al., 2014; Sharav et al., 2014) . The present study quantitatively characterised various parameters in cold pressed unrefined linseed oil from seeds cultivated in Latvia. Linseed oil is characterised as a highly polyunsaturated oil and therefore it would be necessary to provide additional protection against oxidation to improve overall stability and, thus, increase usability of this oil for food industry.
Tested linseed oil corresponds to quality standards; the acid value and the peroxide value of oil did not exceed the recommended limit for cold pressed oils according to the Codex Alimentarius Commission standard (Anonymous, 1999) . a-tocopherol and 2,6-di-tert-butyl-4-methylphenol are well-known antioxidants (Mau et al., 2004 Data are presented as mean ± SD (n = 3). 3.02 ± 0.09 2.76 ± 0.05
Data are presented as mean ± SD (n = 3).
(4-hydroxy-3-methoxybenzaldehyde) is a phenolic aldehyde that is widely used in foods, beverages, cosmetics, drugs and has been reported to exhibit multifunctional beneficial effects (Tai et al., 2011) . Because vanillin contains phenolic hydroxyl group, it can protect unsaturated fatty acids from oxidation. The present study showed that vanillin is a potent antioxidant and its antioxidative effect and the ability to inhibit the process of formation of conjugated dienes in linseed oil was higher than that of 2,6-di-tert-butyl-4-methylphenol and a-tocopherol (Figure 2 and Table 2 ). In previous studies using multiple assay systems it was shown that vanillin possesses antioxidant activity and has much stronger antioxidant activity than ascorbic acid (Tai et al., 2011) , but it was not known to prevent diene conjugation resulting from lipid oxidation.
Conjugated dienes are often used to determine primary oxidation products or to characterise antioxidative properties (Abuzaytoun and Shahidi, 2006) . Antioxidant activity of herbal extracts is determined by their ability to inhibit formation of conjugated dienes. In the present study we used cold pressed unrefined linseed oil as a substrate to determine the ability to inhibit formation of conjugated dienes. The antioxidant-like activity of ethanol extract of the calyxes of Hibiscus sabdariffa L. was found to be 91.8%. Previously it was shown that water extract of the calyx of Hibiscus sabdariffa L. has antioxidant activity 93.0%, determined by the thiocyanate method using linoleic acid as a substrate (Duh and Yen, 1997) . The antioxidative effect may be explained by the presence of flavonoids, quercetin and ascorbic acid in flowers of Hibiscus sabdariffa L. (Kumar and Singh, 2012 ).
In conclusion, the obtained data indicate that ethanol extract of calyxes of Hibiscus sabdariffa L. inhibits the formation of conjugated dienes in linseed oil. The ability of additives to inhibit oxidation in linseed oil decreases as follows: vanillin, 2,6-di-tert-butyl-4 methylphenol and a-tocopherol. 
